This work deals with the synthesis of new melamine superplasticizer (NMS) with high molecule weight and comparatively high processing thermostability by the reaction among melamine, formaldehyde, and sulfonated glucose. The surface activity and the structure of new melamine superplasticizer and their performance in concrete were evaluated. The effect of molecular weight of synthesized new melamine superplasticizer on the performance of the concrete was determined. The results showed that the new melamine superplasticizer has been proved to be more efficient as a superplasticizer used in concrete.
Introduction
Superplasticizers (SPs) are recognized as important admixtures for their applications in modern concrete technology. Efforts have long been made by scientists and technologists to keep fresh concrete fluid to provide homogeneous transport of all particles in the building industry [1] . Traditional techniques which use the superplasticizers such as sulfonated melamine formaldehyde condensate (SMF) and sulfonated naphthalene formaldehyde condensate play a positive role in maintaining high fluiding concrete. The superplasticizers interact with the surface of cement particles and involve dispersion and decreasing of the natural tendency to coagulate in concrete. Polycarboxylates (PC) are recently commonly used as superplasticizers to disperse cement particles in concrete and mortar. However, it has been known that the dispersing force of PC for cement and its time variation are significantly affected by even slight differences in concrete components or mixing conditions. Such instability of the dispersing force is explained by the incompatibility between cement and PC [2] [3] [4] . Moreover, the side chain of the copolymer-type PC is composed of polyethylene oxide units. The methyl oxide bonds are easy to break under heat and oxygen. Furthermore, as a new generation water-reducing agent, the PC waterreducing agent would face the problem of short resources in the near future for nonregenerate ability of crylic acid derived from petroleum, so melamine superplasticizer has shown great advantage. Melamine superplasticizer is one of the most commonly employed due to its colorless, nontoxic, and good thermal stability [5] [6] [7] [8] . However, the application of traditional melamine water reducing agent is becoming less and less due to the complex production process, high cost, and relatively inferior slump loss. Along with the architecture industrial development and on the concrete performance requirements to improve, the development of high performance superplasticizer is imperative.
In this study, a new melamine superplasticizer (NMS) was synthesized through polymerization of sulfonated melamine formaldehyde using sulfonated glucose as a new monomer. The chemical structure of NMS was characterized by FTIR spectra. The NMS was used as the superplasticizer in cement and concrete formation and showed high water reduction rate and retardation effect of slump loss based on its dosage.
Experimental

Materials. The cement used was normal number 425
Portland cement manufactured by Tangshan Cement Plant; the China ISO standard sand (standard sand for strength determination of cement to ISO679 and EN 196-1) was used. The specific surface area (FBT-9 Tester specific surface area instrument) was found to be 3312 cm 2 /g, and the particle size analysis using a Helos-Sucell laser particle size analyzer (SYMPATEC Instruments, Germany) shows that the volume average mean particle size is about 25 m, and the median diameter d50 is about 20 m. Specific density of this cement was about 3.12 kg/cm 3 . The sand diameter is between 20-40 mesh number, and cobble stone diameter is between 5-20 mm. SMF is the commercial sample in China market.
Synthesis of NMS Resin.
All reagents were of analytical reagent grade and were used without any further purification. The glucose and methylene chloride are added separately to the flasks and heated up to 60 ∘ C. Thus, a certain amount of chlorosulfonic acid was dropped to the solution which was reacted for 4 h. A little water and a small amount of alcohol were added and white precipitate was obtained by washing filtering, and the yield was 87%. The precipitation is not needed to purify for the next use, and the framework was analyzed by 1 HNMR. Because the precipitation is admixture, the peak may be attributed to the peaks of products. A water solution of melamine was mixed with sulfonated glucose as monomers, and a formaldehyde solution of distilled water was added to the previously mentioned solution under vigorous stirring at 65 ∘ C. The pH of the solution was adjusted to about 11 by 30% NaOH solution. After 1 h, the middle production so obtained had been left by the addition sulfonating reagent (NaHSO 3 ) at 85 ∘ C temperature to ensure the completion of the substituted reaction. Subsequently the catalysts were added to the solution, and the polymerization reaction was processed for 2 h. Finally, the pH was adjusted to about 7-8. The yellow viscous liquid was obtained, and the special spray drying method was used to obtain white free flowing powder melamine superplasticizer. The reaction process is seen in Scheme 1.
Materials Measurements.
The IR spectra of NMS were recorded with an FT-IR spectrometer (Bruker Tensor 27). For the measurement of the thermal analysis of water-reducing agents on the surface of NMS and molecular weight of NMS, the TGA technology (MK II, UK) and GPC (Waters 1525/2414, USA) were used, respectively.
Adsorption Amount Measurement and -Potential Measurement.
A series of NMS solutions with different concentrations were prepared. Then, cement was added with a weight ratio of solid to solvent 1 : 0.8. After being stirred for 10 min, the mixture was separated by centrifugation. The concentrations of NMS in the aqueous phase were measured by UV adsorption spectrophotometer (TU-1900, Beijing). The quantities adsorbed were calculated from the differences in the concentration of water-reducing agent in the liquid phase before and after adsorption.
For -potential measurements, the DBL-B microelectrophoresis analyzer was used. A certain amount of cement was added to the solution with a certain concentration of water-reducing agent. The ratio of solute to solvent by weight was 0.0025 : 1. After mixing for 5 min in the blender, thepotential of particles in the clarified liquor was analyzed, and the average of ten per measurement was regarded as thepotential of the cement particles.
The Application of Concrete.
A certain amount of waterreducing agent was added to water in advance. Then Concrete was prepared with a cement/sand/cobblestone weight ratio of 1 : 2.19 : 3.73. The fluidity of concrete was evaluated by the pullout spread of a sample from a flow cone specified according to GB8076-2008 . The maximum diameter of the spread sample and the maximum width perpendicular to that diameter were measured, and the average of these two values was defined as the flow value. At the ages of 28 days, the compressive strength test was conducted on six pieces of prisms according to the Chinese standard GB/T17671-1999. The notched Charpy flexural strength of every mixture was measured on three prismatic specimens with ZBC-4B impact testing machine from Xinsansi Co. (Shenzhen, China) according to ISO179-1993 (E).
Results and Discussion
3.1. Thermal Analysis. Thermal stability of NMS whose TGA diagrams were shown in Figure 1 plays an important role in their applications. There are two main stages. Weight loss in the range of 200-240 ∘ C was about 20% mass losses, mainly due to the decomposition of the small molecules of short chain; weight loss in the range of 290-360 ∘ C was about 80% mass losses due to the formation of the higher thermal stability of cross-linked polymer yielded by use of sulfonated glucose. Weight loss temperature (5 wt% weight loss percentages) of the sulfonated glucose samples is about 294 ∘ C, and that of NMS is 308 ∘ C, which indicates that the prepared particles have good thermal stability. In Figure 1 , the TGA analysis of SMF is identical when comparing with NMS, but the decomposing temperature of SMF is lower than the NMS. The main reason is that the triazine ring of melamine enhances the rigidity of the chain and improves the energy of molecular thermal motion. By introducing small amounts of sulfonated glucose to the melamine molecular, the concentration of ethylene bond dropped and the molecular chain flexibility declined, which cause the increase of decomposition temperature [9] . Figure 2 showed the reciprocal values of concentration of water-reducing agent and adsorption amount. The concentration change amounts to 10 g/L after NMS adsorption for 10 min. The semilogarithmic plots of concentration data gave a curve. The correlation constant for the fitted line was calculated to be = 0.9905 and = 0.9964, respectively, for SMF and NMS. It can be concluded that the Langmuir single layer adsorption occurred during the process of adsorption of NMS on cement particles. As shown in Figure 2 , the adsorption of superplasticizer on gypsum surface approximately conformed to Langmuir's adsorption isotherm equation is as follows:
Adsorption Property and the Effect of
where is the adsorbed amount, in mg/g; ∞ is the saturated adsorbed amount, in mg/g; is the superplasticizer concentration, in g/L; and is the adsorption constant. The previous formula can be converted into the following:
The ∞ can be assessed through (2) by the linear relationship of 1/ versus 1/ and then calculating the cut length at the 1/ axis. This finding indicated that the single layer adsorption of NMS could be described by the Langmuir equation which was applied to quantify adsorption capacity, which gives the values of the maximum adsorption capacities of SMF and NMS 11.69 and 13.15 mg/g, respectively, according to the intercept and slope of these lines, respectively [10] . Figure 3 shows the adsorption amounts of various weightaverage MW NMS resins on the surface of cement particles, when the amount of dispersants added increases from 2 to 10 g/L, respectively. The adsorption amount of the dispersant onto the cement particles is generally determined by the functional groups in its molecule and MW. Generally, the adsorption amount increases with the increase of MW in an adequate time. Figure 3 shows that the resin with 11000 weight-average MW has a higher adsorption amount than those with over 11000 weight-averages MW. This is because bigger molecules have lower moving speed, and it is difficult for them to attain equilibrium in a short time. With the increase of molecular weight, the content of sulfonic acid groups of single molecules also increases, and large molecules containing more sulfonic acid groups are conducive to the increase in the adsorption at the surface of solid particles; thus, the adsorption is more firm. Sulfonic acid groups of lower density are conducive to the formation of curling configuration in solution, and greater electrostatic repulsion is produced by the adsorption on the solid particle surface.
Effect of Adsorption of Water-Reducing Agents on -
Potential of Solid-Liquid Interface. As shown in Figure 4 ,potential of cement particle with SMF and NMS changed from positive (17 mV) to negative (−25.34 and −57.01 mV) with the concentration of anionic surfactants increasing from 0 to 20 g/L. The reason for that was the adsorption of SMF, and NMS changed the charge distribution of the electrical double layer of the cement surface [11] . Figure 4 further shows that -potential of cement particle with NMS was higher than that of SMF at the same concentration. There were more sulfuric acid groups in NMS, which indicated that the electrostatic repulsion force between cement particles with NMS was higher. Figure 5 , IR spectrum of NMS (a) had two new and strong characteristic absorption peaks in comparison with the IR spectrum of SMF (a). The peaks located at 1149 cm −1 and 1296 cm −1 were asymmetric and symmetric stretching vibration of S-O stretching vibration characteristic absorption peak and S=O symmetrical stretching vibration, respectively, which indicated that a lot of sulfuric acid groups were introduced into the NMS molecule [12] . The peak located at 678 cm −1 belongs to the C-S stretching vibration absorption peak, indicating that the copolymer sulfonic acid group contained, which was obviously stronger vibration than SMF. So, the sulfonated glucose has been embedded in the synthesized compound molecular structure.
Structure Analysis of the NMS. As shown in
Water Reduction and Slump Loss in Concrete.
The evaluation of slump loss is important for field application. A lower degree of slump loss will prolong the time available for transporting, handling, and placing concrete. Table 2 shows the slump loss of concrete with NMS superplasticized at 1.0% dosage. Generally, the slump of superplasticized concrete by the use of SMF first slightly decreases with time and then decreases a bit quickly. The NMS superplasticized concrete maintains the initial slump values for about 60 min, so the NMS resin has excellent capability of slump loss control and is more suitable for a preparation for pumping concrete. As can be seen, dispersing mechanism of water-reducing agent is not only related to molecular adsorption characteristics but also the configuration of the molecule which is shown in Figure 5 . The molecular structure is based on the short linear branches, lying on the surface of cement particles and adsorbed thick layer [13] . Thus, dispersing ability based mainly from electrostatic repulsion force generating a double-electrical adsorption layer [14] . Therefore, the dispersing ability of NMS mainly comes from the electrostatic repulsive force produced by the adsorption double-electrical layer which resulted in that hydration products easily covered the molecules of NMS on the surface of cement particles.
Effect of NMS on Compressive and Flexural Strength.
Results were shown in Figure 6 which showed that NMS increased concrete strength when compared to the control concrete. Thus, NMS increased compressive strength of concrete as the ratio of water/cementitious material decreased in the mixtures. This situation is similar for both curing conditions. Most of the compressive strength of concrete produced was higher than that of the control concrete at all ages. The 28-day compressive strength values were 36.6, 47.4, and 56.2 MPa for 0.5, 0.45, and 0.38 water/cementitious ratios, respectively. Similar results were also obtained by Plank and Hirsch [15] . Flexural strengths of concrete by use of NMS in continuous moist curing were higher than those of concrete in open air curing. In general, as the ratio of water/cementitious increased flexural strengths of concrete increased when compared to control concrete as seen in Figure 6 . Nevertheless, as the ratio of NMS increased, strength also increased when compared to control concrete for the 28-day strengths.
Conclusions
Water-soluble NMS resins were synthesized by the reaction among melamine, formaldehyde, and sulfonated glucose. The NMS resins synthesized could reduce the water content, improve the workability and compressive strength of concrete, and maintain the initial slump of concrete after 60 min. The results indicate that the NMS resins are more effective in promoting the concrete performance of the 6 ISRN Chemical Engineering workability, slump loss control, and compressive strength. Therefore, NMS has the potential to be used as a kind of high performance water-reducing admixture in concrete.
